BACKGROUND
The World Health Organization (WHO) defines malnutrition in children as 'a state in which the physical function of a child from birth to five years is impaired due to either overnutrition or undernutrition' whereby 'the latter is the result of poor or insufficient nourishment, poor absorption, or poor biological use of nutrients consumed ' (WHO, 2006, p24) . Malnutrition is the single greatest threat to child survival, and is measured by three main indicators: underweight, stunting and wasting. Underweight is an indicator for recent weight loss or the combined effect of wasting and stunting. Stunting is an indicator of long-term or chronic malnutrition, while wasting indicates acute deficiency in nutrient intake or disease . Of these three, wasting poses the greatest risk to mortality in children under five (Black et al., 2008 . The condition is associated with a lack of body fat and wasting of skeletal muscles. Malnutrition is preventable and treatable, and there are appropriate guidelines developed by the WHO and other bodies for managing acute malnutrition in humanitarian emergencies to prevent the risk of mortality (UNICEF, , 2013 ).
This review is funded through the Humanitarian Evidence Programme, a UK Aid-funded partnership between Oxfam and Feinstein International Center (FIC) at the Friedman School of Nutrition at Tufts University. We plan to conduct a systematic review of evidence to understand what works in the management of acute malnutrition in emergency relief settings. The review primarily will focus on reviewing evidence from published and unpublished/grey literature to understand the relationship between recovery and relapse, and default rates and/or repeated episodes of default, following the management of acute malnutrition in children aged under five-years-old in humanitarian emergencies.
The review forms part of the Humanitarian Evidence Programme, which aims to synthesize evidence in the humanitarian sector and communicate the findings to stakeholders, with the ultimate goal of improving humanitarian policy and practice.
THE GLOBAL BURDEN OF ACUTE MALNUTRITION
Acute malnutrition in children has been described as a global human disaster, affecting one in three children under five years old in developing countries (WHO, UNICEF, 2013) . The condition remains a major public health concern because it is associated with more than half of the eight million deaths in children under five worldwide (WHO, 2013) . Estimates suggest that around eight percent of the world's under-fives had MAM, and three per cent had SAM in 2013 (UNICEF, WHO, World Bank, 2012) . In absolute terms, this translates to some 51 million and 17 million children respectively suffering MAM and SAM. Around two-thirds of these children live in South-East Asia and in sub-Saharan African countries (UNICEF, WHO and World Bank, 2012) .
A rise in the number of acute malnutrition cases can be seen in the immediate aftermath of an emergency, such as when a natural disaster occurs and causes destruction to food sources and food distribution systems (Bagchi et al., 2004) . A destruction of the food distribution system increases food insecurity by reducing the accessibility of roads needed to transport foods from one location to another (Moazzem et al., 2009) . The disaster may also cause disruption to food crops, and this could have an adverse impact on the food security of the affected population. Food insecurity leads to inadequate dietary and nutrient intake, and the consequence of this is an increase of acute malnutrition rates. Moreover, in emergencies children become vulnerable to infectious diseases such as diarrhoeal diseases, which are a risk factor for malnutrition (Brundtland, 2000) . These issues are well captured in the UNICEF conceptual framework published in 1998, on the causes of child malnutrition (UNICEF, 1998) . acute malnutrition in children in humanitarian emergencies: A systematic review protocol
If not treated, acute malnutrition may permanently impair the growth and development of infants and young children under five years old. Early studies have shown that children's resistance to infections is lowered when they suffer from acute malnutrition (e.g. Golden, 2000) . The risk of mortality associated with acute malnutrition is directly related to the severity of the condition. Estimates suggest that children suffering from MAM are associated with mortality rates of between 30 and 115 per 1000 children per year (Collins and Andre, 2010) . The risk is higher for children suffering from SAM. A recent meta-analysis conducted by McDonald and colleagues (2013) showed that children who suffer from SAM are up to 11.6 times more likely to die, compared with their well-nourished counterparts. Earlier publication by Andre and Collins (2010) suggested that the mortality risk for children diagnosed with SAM is between 73 and 187 per 1000 children every year. In the Lancet series on Maternal and Child Nutrition, it was estimated that globally around two million children die each year as a result of SAM ).
DEFINING MALNUTRITION
Acute malnutrition in children includes severe wasting, also known as severe acute malnutrition (SAM) and wasting, also known as moderate acute malnutrition (MAM). (NCHS, 1997) .
It is important to note that the NCHS standard has been criticised for its shortcomings. It relied on data drawn on bottle-fed babies in the USA, and therefore is not comparable to breastfed babies and children born in developing countries (De Onis et al., 1996) . To address this, the World Health Organization (WHO) in 2006 published new child growth standards, which replaced the NCHS reference standards de Onis et al., 2006) . The new standards also use the weight-for-height/length <-3SD criterion to identify infants and young children as having SAM. However, unlike the NCHS the new standard is based on data drawn from breastfed babies and appropriately fed children from different ethnic backgrounds in developing countries (de Onis et al., 2006) . Reports have indicated that the WHO growth reference classifies between two and four times as many children than the NCHS reference (de Onis et al., 2006; Seal and Kerac, 2007) .
As well as the weight-for-height criteria recommended by these two growth standards, the WHO and United Nations Children's Fund (UNICEF) also recommend the use of MUAC for classifying SAM in children aged six-to 60 months (WHO; . Using this tool, a MUAC cut-off of less than 115mm is recommended for diagnosing SAM, as data suggests that children with this MUAC cut-off have a greatly elevated risk of death compared to those who are above (WHO, UNICEF, 2009 ). This cut-off point has replaced an earlier recommendation by a WHO expert panel to use a MUAC cut-off of less 110mm for recruiting children into therapeutic programmes designed to manage SAM (WHO, UNICEF, 2006 , 2007 . The higher cut-off adjustment now enables the identification of children below the 115mm mark to be prioritised and treated appropriately to avoid the risk of mortality (Black et al., 2008) . Data generated by humanitarian non-governmental organisations (e.g. Valid 2006) show that the MUAC is a better predictor of SAM. Community health workers with little or no training can also easily use this method to diagnose SAM. Furthermore it requires no charts unlike the weight-for-height method (Picot et al., 2012) . The WHO does not recommend the use of MUAC to diagnose SAM in infants/babies aged below six months. Rather the same weight-for-height/length threshold with or without the presence of clinical oedema is recommended (WHO, 2006) . acute malnutrition in children in humanitarian emergencies: A systematic review protocol
Forms of SAM
There are three recognized forms of SAM: kwashiorkor, marasmus and marasmuskwashiorkor. Kwashiorkor, most commonly observed in young children over two-years-old is characterized by the presence of bilateral pitting oedema of nutritional origin Golden, 1997 Golden, & 1996 . The condition is diagnosed regardless of whether the MUAC is less than 115mm or children have weight-for-height/length of less than 3SD since the buildup of fluid in tissue can result in a higher weight and swelling of the limbs. Marasmus, on the other hand, is more often seen in children aged under two (Waterlow, 1984 (Waterlow, , 1976 (Waterlow, , 1972 , and is characterized by severe body wasting or massive loss of body fat, muscle and subcutaneous tissue. Kwashiorkor can sometimes be overlaid onto marasmus, and in that case the condition is called marasmus-kwashiorkor (Golden, 1996 (Golden, & 1997 . A summary of diagnostic criteria used for screening children with SAM is presented in Table 1 below. (2) Weight-for-height
Severe wasting (2) MUAC <115mm
Bilateral oedema
Clinical sign Several other classification systems existed prior to the NCHS and WHO growth standards, which used different anthropometric measures and clinical characteristics to identify SAM in children. These include the Wellcome classifications of kwashiorkor, defined as 60-80 percent expected body weight plus oedema, and marasmus-kwashiorkor, defined as less than 60 percent expected body weight with oedema (Waterlow, 1972; Dugdale, 1971 ) and the Gomez classification of marasmus as a percentage expected weight-for-age of less than 60% (Stuart and Stevenson, 1959; Gomez et al., 1956 ).
Managing SAM
In 1999, the WHO published a protocol that provides step-by-step guidelines on how SAM should be managed (WHO, 1999) . The guidelines recommend three distinct phases of treatment: initial stabilisation, nutrition rehabilitation and follow-up phases. In the initial stabilisation phase, life-threatening conditions such as hyperglycaemia, hypothermia, dehydration and other severe co-morbidities are identified and treated alongside nutritional management using the F-75 feeding formula to improve the nutritional status of affected children. Treatment in this phase is typically delivered in an inpatient hospital setting or at specialised nutrition rehabilitation centres, usually attached to a hospital's paediatric ward.
In the second phase of treatment, the child receives a more nutrient-dense therapeutic diet (F-100) in order to promote weight gain. Other care plans are implemented to stimulate the child's emotional development alongside any physical improvements. Caregivers also receive training on the causes of malnutrition and the management of common ailments, such as diarrhoea and malaria, to help them prevent relapses and avoid a recurrence of malnutrition. The last phase of hospital-level management takes place after the children have been discharged and reintegrated with their families. During this phase, health workers conduct regular follow-up visits to the homes of treated children to support and counsel their caregivers with the aim of preventing relapse.
The evidence gathered thus far indicates that the 1999 guidelines used to manage SAM have resulted in improved nutritional status and led to significant reductions in mortality rates (Andre et al., 1999; Collins, 2004) . However, the model has some shortcomings that are worth highlighting. It is a biomedical model of care, and does not take into account the wider social aspects of malnutrition (Andre, 2001; Collins, 2001 ). Collins and Yate (2010) argue that the majority of children suffering from SAM do not have medical complications, and thus acute malnutrition in children in humanitarian emergencies: A systematic review protocol can be rehabilitated at home with nutrient-dense foods. Some studies have found a lack of competence among health workers, leading to poor quality management of children with SAM in hospital settings (Puoane et al., 2001; Collins, 2007 Collins, , 2004 . Other issues identified include low coverage rates due to the high cost of care, longer durations of hospital stay to achieve recovery and the increased risk of cross-infections when children are admitted to hospitals with poor hygiene standards (Collins and Saddler, 2002; Collins 2001 Collins , 2004 .
Alternative approaches
To improve the quality of care and treatment coverage, in 2000 international nongovernmental organisations (INGOS) developed and piloted a new acute malnutrition management model -known as the community-based management of acute malnutrition (CMAM) model. Different terminologies have been used previously to describe the CMAM model, including community therapeutic care (CTC); integrated management of acute malnutrition (IMAM), community-based therapeutic care (CBTC) and ambulatory care for the treatment of acute malnutrition. In this document, CMAM will be used to refer to all of the different terms formerly used to describe the community-based management of acute malnutrition model. The CMAM model allows for children who are diagnosed with SAM, and who have no medical complications to be treated at outpatient centres (WHO, UNICEF, WFP, SCN, 2007) . CMAM programmes use a new solid-based ready-to-use therapeutic food (RUTF) unlike the water-based F-75 or F-100 that is recommended for use in hospitalbased care for children with acute malnutrition (WHO, 1999) . The new RUTFs have the same nutrient content as for F-75 or F-100 and are made from a combination of groundnut or peanut butter, dried skimmed powdered milk, sugar and vegetable oil, enriched with vitamins and minerals (Nutriset, 2000) . RUTF has a low water content, and therefore carries less risk of bacterial contamination (Collins, 2001; André, 1997) .
Early clinical trials (Diop et al., 2003; Manary et al., 2004; Ndekha et al., 2005; , controlled comparative studies (Gaboulaud et al., 2005; Cilberto et al., 2005; Sandige et al., 2004) and a large body of evidence generated by INGOs (e.g. Valid International, Concern Worldwide) following the pilot implementation of CMAM programmes in emergency situations have demonstrated that the CMAM approach can achieve successful outcomes. The recovery rates reported in most studies have exceeded the Sphere project's minimum standards for therapeutic effectiveness (Sphere, 2000 (Sphere, , 2011 . Similarly, mortality rates reported were lower than five percent and significantly better than the stipulated Sphere minimum standard. Based on this evidence, the WHO, UNICEF, United Nations Standing Committee on Nutrition (UNSCN) and the World Food Programme endorsed the CMAM model in 2007 as a strategy for managing SAM in community-based settings in humanitarian emergencies (WHO, UNCEF, WFP, UNSCN, 2007) . However, intervention studies and published programme reports have found high rates of default and relapse (Kerac et al., 2009; Cilberto et al., 2006; Ndekha et al., 2004; Valid, 2006) . Table 2 below summarizes the latest WHO recommendation for discharging under five-yearolds from acute malnutrition management programmes (WHO, 2013).
Discharging children from SAM therapeutic programmes

Table 2: Criteria for discharging children from SAM treatment
Children with SAM should only be discharged from treatment when they meet the following criteria:  A weight-for-height/length of > -2SD/z scores and no oedema for at least two weeks, or  MUAC of > 115 and no oedema for at least two weeks  The anthropometric indicator that is used to confirm severe acute malnutrition should be used to assess whether a child has reached nutritional recovery
Children admitted with only bilateral pitting oedema should be discharged from treatment on whichever anthropometric indicator, MUAC or weight-for-height/length is routinely used in programmes
The percentage of weight gain should not be used as a discharge criteria for those receiving treatment for SAM acute malnutrition in children in humanitarian emergencies: A systematic review protocol 
Managing MAM
The development of acute malnutrition occurs rapidly and is observed more frequently in emergency situations, especially if children are already experiencing mild to moderate malnutrition in a pre-disaster setting (Picot et al., 2012) . The increase in the prevalence of malnutrition is compounded by infections such as diarrhoeal diseases, malaria, pneumonia and HIV (Brundtland, 2004) . The link between malnutrition and infections has been well documented. Estimates suggest that 16 percent of pneumonia, diarrhoea and malaria morbidity in children under five years old is attributable to severe wasting (Collins, 2007) . The nutritional status of infants and young children can also be impaired by HIV infection (Rollins, 2009; Fergusson and Tomkins, 2009) . Severely malnourished children diagnosed with HIV infection are significantly more likely to die compared with children with no HIV infection (Fergusson and Tomkins, 2009 ). For these reasons, acute malnutrition in infants and children needs to be seriously prioritized and managed to prevent loss of life.
MAM treatment options
For children diagnosed with MAM, different programme approaches need to be used to manage their condition. UNICEF (2014) classifies these interventions or programme approaches into three levels:
1. Target supplementary feeding (TSF), provided to manage MAM in individual children identified through anthropometric screening. Treatment is usually carried out in outpatient/community settings and includes the provision of specialized nutritious foods such as fortified blended flour (e.g. Super cereal (SC), SC plus or corn-soy blend (CSB) and /or oil-based ready-to-use supplemental foods (RUSF) e.g. Plumpy'Doz.)
2. Blanket supplementary feeding provided to children to prevent MAM from progressing to SAM. This type of intervention involves blanket distribution of dry food rations to the parents of children under five years old.
3. Depending on the context or situation, the purpose of some blanket supplementary feeding interventions is for the prevention and treatment of MAM. This could include during protracted conflicts or severe famine situations where it may be difficult to prioritise children for targeted supplementary feeding.
As this review focuses only on the management and treatment of acute malnutrition, we will not be considering studies aimed at preventing SAM. The MAM taskforce decision making tool (summarized in Table 3 ) provides guidance on when MAM preventions and treatment programmes should be implemented. acute malnutrition in children in humanitarian emergencies: A systematic review protocol Children are discharged from MAM programmes if they attain a  Weight-for-height/length > -2SD/z scores. Children admitted using weight-for-height z scores can also be discharged using eight to 10 percentage weight gain.
 MUAC >125mm for two consecutive visits
RATIONALE FOR THE REVIEW
Previous systematic reviews seeking to investigate the effectiveness of interventions to manage acute malnutrition in children under five have been limited to exploring the effect of the therapeutic diet used (e.g. Schooness et al., 2013) . There have only been a few reviews conducted more recently that have started to investigate the wider impacts of treatment for acute malnutrition (e.g. Lenters, et al., 2013; Picot et al., 2012; Alcoba et al., 2013) . Lenters and colleagues (2013) compared the effectiveness of the WHO inpatient protocol for managing SAM with the CMAM approach. However, their review was limited to studying recovery/cure and mortality rates, and the rate of weight and MUAC gains as primary outcomes. On the other hand, Alcoba et al. (2013) assessed the appropriateness and efficacy of routine first-line antibiotics provided during outpatient care for children with uncomplicated SAM. These reviews did not include relapse or defaulting, although the findings are useful in broadening our understanding of the impact of interventions used to manage MAM and SAM. More research is needed to address the important knowledge gaps around relapse, and to study the relationship between relapse and recovery. Further research is also needed to uncover the rates of children defaulting from acute malnutrition management programmes, and to study the relationship between defaults, relapse or repeated episodes of acute malnutrition.
In essence, we need evidence to understand whether effective treatment of SAM and MAM reduces the risk of relapse in affected children, and whether children who default during the course of treatment have an increased risk of relapse. To the best of our knowledge no systematic review of the evidence has yet been carried out to explore these relationships. Our review will attempt to address this knowledge gap.
In addition, as noted earlier, default and relapse rates in humanitarian emergency settings have been high. By gathering data from existing sources, we can try to understand and explain why this occurs. We hypothesized that higher default rates, and potential relapse, would be recorded in programmes where the quality of the delivery is perceived by beneficiaries as poor. Poor quality could be the result of inadequate resources to deliver treatment, including human resources (e.g. staff that have the technical knowledge and skills to manage acute malnutrition in children). Poor staffing could also affect regular monitoring and counselling of carers about malnutrition and the benefit of the treatment programme. These factors are likely to impact largely on children's attendance to, and completion of, the programme. Also, the existence and quality of community mobilisation and sensitization activities to educate community members on the programme. Rates of malnutrition before the programme implementation could also impact on children's attendance, and hence default rates. Furthermore, an important assumption regarding relapse is that if there are adequate follow-up home visits after discharge from treatment, relapse or its episodes could be minimal and vice-versa. This review aims to identify relevant data from the literature in order to test these hypotheses.
A few recently-published studies (Guerrero and Gallapher, 2013, Collins and Saddler, 2002) have identified other factors as being responsible for the higher default rates recorded in acute malnutrition management programmes. These include the accessibility of treatment/programmes including geographical accessibility (e.g. distance), and traditional beliefs regarding the causes and management of malnutrition.
The majority of data that can help us to explain the reasons for increased default rates and its relationship with relapse following the management of acute malnutrition is to be found in the grey literature or unpublished reports. Our review will attempt to identify these literature sources and collate this data to explain the high default rates. The findings of the review are expected to contribute to the growing literature on the effectiveness of interventions used to treat acute malnutrition, with the ultimate aim of better informing programme and policy decisions.
AIM OF THE REVIEW
The review will investigate the relationship  between recovery/cure and relapse, and  between relapse and default and/or return defaults/episodes of default in the management of acute malnutrition in children under five in humanitarian emergencies.
The review will also explore the contexts in which acute malnutrition management programmes were implemented, in order to identify and describe how context influences relapse and default and/or return default/episodes.
Specific objectives
The review aims to investigate:
 The effect of treatment on mortality risk among children suffering from SAM and/or MAM  The relationship between recovery and relapse; and between relapse and default or return default/episodes of default  Reasons for default and relapse or return defaults/episodes of default acute malnutrition in children in humanitarian emergencies: A systematic review protocol
REVIEW METHODS
STUDY DESIGN
The review will systematically identify a range of literature to investigate the relationship between recovery/cure rates, relapse and default or episodes of default in the management of SAM or MAM in children under five in the humanitarian emergency context. It aims to identify and describe factors that influence defaults and relapse. The review will feature published literature, quantitative and qualitative studies, as well as grey literature (i.e. reports not published in traditional academic journals). It is appropriate to adopt mixed methods and combine a quantitative and qualitative approach because our aim is not only to understand the relationship between therapeutic outcomes, but also to explore what factors influence these outcomes. The review finds that CMAM programmes delivered in humanitarian emergency contexts are complex, and therefore the impact of these interventions can only be understood by collating and synthesizing evidence from multiple studies (and different study designs) as well as programme reports.
INCLUSION AND EXCLUSION CRITERIA
We will feature various types of literature, including qualitative, quantitative and mixed methods studies, reported in academic journals and the grey literature. Previous systematic reviews will be included if their question closely corresponds to this review. Where there is not a direct match, these reviews will be used as a source for identifying other potentially relevant studies to be included in our review. The inclusion criteria are described below.
Population and condition
 The review will include studies if they targeted infants and children under five years old, and cover the management of MAM and/or SAM.
 Because of the different definitions and classification criteria that have been used to identify children with acute malnutrition (see section 1.2) we will consider only studies that have used 'standard and accepted' definition (Picot et al., 2012) . That is, definitions for MAM and SAM used by the authors should be based on the NCHS child growth standard if studies were published before or during 2006 and the WHO child growth standards if studies were published after 2006.
 We will not include studies that focused on the management of acute malnutrition in pregnant women or lactating mothers.
Intervention and treatment
The interventions considered for this review are those for the treatment of SAM or MAM delivered in humanitarian emergencies. These humanitarian emergencies are defined as major incidents that threaten human life and public health (WHO, 2010). These include protracted conflicts, flooding, earthquakes and other natural disasters, and nutrition emergencies when prevalence rates of malnutrition has reached a crisis level (>=15%) according to the WHO crisis classification using global acute malnutrition (WHO, 2003) . The latter in particular may include government-led interventions designed to manage acute malnutrition in such a crisis situation. We will evaluate and include studies that are based on interventions implemented during emergencies situations.
 Interventions provided to manage/treat SAM in humanitarian emergencies described above should include inpatient care using therapeutic milks such as F-75 or F-100, and potentially RUTF, and outpatient care using RUTFs. Some commercially available RUTFs include Plumpy'Nut manufactured by Nutriset, and ZeePaste manufactured by GC Rieber Compact for the treatment of SAM.
 Interventions provided to manage/treat MAM in humanitarian emergencies described above should include those that used fortified blended flour e.g. super cereal, super cereal plus, CSB and/or oil-based RUSF (e.g. Plumpy'Doz).
Studies that are based on blanket supplementary feeding provided to children to prevent MAM from progressing to SAM will not be considered. However, where studies state that the aim of the supplementary feeding programme was to manage rather than prevent MAM they will be included in the review.
Outcomes
Studies will be included if they reported on the following acute malnutrition management outcomes. The proportion of children who re-enrolled into treatment after defaulting /number of times they reenrolled Relapse rate/repeated relapse episodes
The proportion of children who re-enrolled after they recovery and discharged Weight gain or time to recover (Discharge -admission weights/admission weight) length of stay between admission and discharge
The above outcomes do not have to be the main primary outcomes of the included studies and can be either primary or secondary outcomes. We anticipate that different treatment programmes will have different follow-up periods, therefore outcome measures recorded after any length of follow up will be considered.
Study types
Quantitative study design
Randomised controlled-trials (RCTs), quasi-randomised trials and non-randomised observational studies including retrospective and prospective cohort controlled and uncontrolled, before-and after-and controlled comparative studies will be assessed and included in the review. acute malnutrition in children in humanitarian emergencies: A systematic review protocol
Qualitative studies
Also included are qualitative studies that use semi-structured interviews, focus groups and participant observation methods, or a combination of these techniques, to explore how nutritional management of MAM or SAM services were delivered in humanitarian contexts and the factors associated with default and relapses. Qualitative information reported in mixed methods studies that are relevant to the review to explain relapse and default outcomes will also be considered.
SEARCH STRATEGY
Mapping the literature
The team will undertake a scoping literature search to map out the literature that is available on outcomes of nutritional management of MAM and SAM in humanitarian emergencies, with a special focus on studies that addressed recovery/cure, default/dropout and relapse rates. The scoping search for peer review literature or published studies will be conducted via Medline using appropriate key terms summarised in Table 5 . We also plan to conduct additional scoping searches via Google Scholar for relevant items by title e.g. 'management of acute malnutrition in children in emergencies'. This technique allows for the identification of cited and related articles. The results of the scoping searches will:
 Enable us to understand the full scope of literature currently available to address the review question  Make us aware of potential opportunities and difficulties that might arise during the review process  Help us identify appropriate parameters for the review, as well as refine our search strategy Based on the initial results from the scoping searches, we will revise our search strategy and use it to perform final searches to identify published and unpublished studies to be included in the review. Additional keywords will be added, and search statements reflecting other facets of the research question will be considered for the main search strategy. Once a final search strategy is agreed, it will be run in the following specialized bibliographic and electronic databases to identify peer-reviewed journal articles. Detailed searches will also be performed in Google Scholar, and other identified relevant websites for grey unpublished literature using the search terms defined below.
Bibliography and database search
A comprehensive literature search, using a revised search strategy with agreed appropriate search terms will be conducted in specialised electronic databases including Medline (listed below). The databases were purposively selected, as they are known to 'house' most of the child health and nutrition journals in this area. They include: We will use cluster searching techniques (Booth et al., 2013) to enable the retrieval of 'sibling' studies (those closely associated with previously identified randomized controlled trials and observational studies) to broaden the collective understanding of the context in which these studies were conducted. acute malnutrition in children in humanitarian emergencies: A systematic review protocol
Websites and Google Scholar searches for non-peer review and grey literature
Grey literature, including programme reports, conference proceedings, technical reports, field exchanges that are published by humanitarian development organisations (NGOs), as well as government ministries of health will be searched using the Google Scholar and relevant websites listed below. We will use a combination of the following search terms to conduct the search in Google Scholar:  Health technology assessment database acute malnutrition in children in humanitarian emergencies: A systematic review protocol
Supplementary searches
In addition to all of the above searches, we will consult the reference lists of the included studies, in order to identify potentially relevant studies not captured by the electronic database and/or websites and Google searches. We will systematically scan the PLoS open access resource and Food and Nutrition Bulletin as the most appropriate operationalization of 'hand searching'. A citation follow-up search will be carried out to find additional relevant and related papers.
Contacts with individuals and organisations
We have identified key individual authors and organizations to be contacted for any unpublished data and/or reports or rejected or ongoing manuscripts (see list in Appendix 1). 
SEARCH LIMITATIONS
We will limit our searches to studies published between 1980 and 2015. No language restrictions will be applied but searches will be conducted in English. We will attempt to translate any paper we identify that is not written in English, using expertise within the review team. For example, Michelle Holdsworth (MH) and Robert Akparibo (RA) speak and read French. Where the review team is unable to translate a paper, we will discuss the issue with Oxfam and the Feinstein International Center to identify additional translation expertise. EndNote Reference manager will be used to organise and manage the papers.
SCREENING STUDIES
Two independent reviewers will undertake a two-stage selection process as follows:
Title and abstract stage screening
Using a predefined selection checklist (see Appendix 1), two independent reviewers will screen all titles and abstracts of peer-reviewed, non-peer-reviewed papers and grey reports identified by the search to ascertain their relevance or appropriateness for inclusion in the review.
Screening of full text
Potentially qualified papers identified based on titles screened will be subjected to full text screening to further ascertain their eligibility. The two independent reviewers, one subject specialist and one emergency management expert will apply a predefined checklist (see Appendix 2) to conduct the screening. The relevance of each paper will be coded onto an Excel spreadsheet. To minimize inter-observer variability in the screening and coding process, several measures would be instituted. For instance, before any coding is started, RA will provide an orientation tutorial on the management of MAM and SAM in humanitarian context. The training will draw on the UNICEF online training material for nutrition management in emergencies.
A third reviewer will be brought in to address any unresolved issues or disagreements that may arise between the two independent reviewers. If the issues are still unresolved we will hold a meeting involving all members of the review team to resolve them. For papers retrieved through contacts with individual authors, we will aim to clarify any uncertainty with these authors directly. acute malnutrition in children in humanitarian emergencies: A systematic review protocol
DATA EXTRACTION
Two reviewers will independently code and extract data from the included studies onto an Excel spreadsheet for analysis. A third reviewer will check the data extraction. The two reviewers will use the pre-defined data extraction form attached in Appendix 3. Where there are two or more papers published that describe the same study, these will be combined and analysed as one study, and the data extracted will be treated as such. We aim to contact the authors of papers that qualify for inclusion in the review during the extraction phase if there is a lack of clarity, missing or incomplete data, to ask for clarification or more information where necessary.
Quantitative data
We will extract the following specific details from quantitative papers: country and year of study, population, study design and methods, intervention details (including treatment received by intervention and controlled groups, if any, and duration of follow up), and outcomes of significance to the review (numerical results from studies). See details in data extraction template in Appendix 3.
Qualitative data
We will extract the following specific details from qualitative studies: country and year of study, population, design and methods, intervention details and main outcomes of significance to the review (see Appendix 4). Qualitative outcomes will typically be those labelled as 'results' or 'findings' in the study reports. Key concepts, quotes and information relevant to the review question and addressing qualitative components of the review question (i.e. acceptability, attitudes or implementation and context), or provide explanation to the quantitative findings will be extracted. Data from providers, recipients and those directing humanitarian efforts will be included.
Data extraction from programme reports
Specific details to be extracted from programme reports are: country and year of publication, title of the report, type, and focus of the report and outcomes related to the review (coverage, recovery, default and relapse rates; repeated absence and episodes of defaults/ relapse, as well as reason for these outcomes).
DATA ANALYSIS
Quantitative data analysis
If possible, for example where there is homogeneity of studies of sufficient quality and robustness, a meta-analysis of the statistical data to combine the findings from the different peer review studies will be conducted. However, because of the nature of acute malnutrition (MAM and SAM), heterogeneity of the clinical manifestations of these conditions (e.g. Marasmus, and oedematous malnutrition/Kwashiorkor) and the criteria used to define these, as well as the different treatment approaches and therapeutic foods use to treat these conditions, we anticipate that the studies will be highly heterogeneous. If this is the case, a meta-analysis will not be performed.
We will ascertain the viability of carrying out a meta-analysis by first assessing the degree of heterogeneity of the quantitative studies. Although this analysis will be done purposefully to decide on whether or not to conduct a meta-analysis, it is also useful to assess the level of potential effect of different biases (selection bias, confounding and performance biases) that may impact on the quality of the quantitative findings. If appropriate, the degree of heterogeneity will be quantified or rated using the I 2 test (Higgins, 2002) . Where necessary, acute malnutrition in children in humanitarian emergencies: A systematic review protocol we may perform a funnel plot to identify potential outliers that may reflect potential publication or reporting bias.
When a meta-analysis is not possible
If a meta-analysis is not possible due to the heterogeneity of the data, we will opt instead to summarise the data and report the outcomes descriptively using tables and a narrative approach. This will be appropriate as the focus of this review is to understand the relationship between key programme outcomes following the management of MAM and SAM in humanitarian emergencies, i.e. recovery/cure, relapse and default rates, and repeated absence and episodes of default and relapse. A tabular narrative description of the data can adequately capture this.
Qualitative data analysis
The textual data extracted from papers will be directly entered using NVivo qualitative analysis software. Two reviewers will then independently code the text according to similarities, meaning and content. Themes will be generated using the codes and thematic categories created from the codes. Where textual categorization is not possible the data will be presented descriptively.
DEALING WITH MISSING DATA
We will attempt to describe the completeness of the data extracted for each quantitative study, including the primary outcomes documented by individual studies. In particular, we will explore whether missing data were reported in each study. We will also examine whether any missing data were related to outcomes, and whether these were uniform across groups. We will look at the types of data excluded in the final analysis of each study, as well as identify the reasons for these exclusions.
EVALUATING THE QUALITY OF INCLUDED STUDIES
Two independent reviewers from the review team will each use the CASP quality assessment checklist to evaluate and grade the quality of the included studies. We anticipate that the included studies will differ in their methodological designs. The CASP quality assessment tool (available at www.casp-uk.net) has separate checklists for assessing a range of quantitative study designs, as well as qualitative and systematic review studies. CASP is also a well-recognized tool and, we believe, an appropriate instrument to use in our quality assessment of studies.
The two independent reviewers will also assess the risks of bias of each included study. They will use the Cochrane Collaboration's handbook for the assessment of risks of bias for systematic review of randomized controlled studies . Similarly, another validated tool will be applied to assess for the risk of bias for non-randomized controlled studies (Kim et al., 2013) . We will particularly assess each study for adequate sequence generation, allocation of concealment, blinding, incomplete outcome data, selection bias, performance bias, as well as other source of biases. We will then grade the risks of potential bias as low, high or unclear risk of bias. For cluster randomized controlled studies we will perform an additional risk of bias assessment to examine for bias in recruitment, baseline imbalances and loss of clusters. Any disagreement will be discussed with an independent fourth reviewer, Andrew Booth (AB).
CONTRIBUTION OF MEMBERS OF THE REVIEW TEAM
All members of the review team (Robert Akparibo (RA), Andrew Lee (AL), Andrew Booth (AB), Janet Harris (JH), Helen Wood (HW), Lindsay Blank (LB) and Michelle Holdsworth (MH)), and the members of the expert panel (Seth Adu-Afarwuah (SAA), Mark Manary (MM) and Tanya Khara (TK)) will contribute to the review based on their areas of expertise. The search strategy was designed by RA, a child/emergency nutrition specialist, AL, an emergency/disaster management specialist and HW, an information specialist. HW will test the initial strategy by conducting a scoping search in selected electronic databases. HW, RA and AL will revise and refine the search strategy upon completion of the initial scoping. HW and RA will conduct the final search in all the selected electronic databases. RA, AL and LB, a systematic review expert, will screen the papers for inclusion in the review. The three reviewers will also conduct data extraction and quality assessment of included studies. Nutrition specialist MH will validate the extraction by cross checking a sample. JH, an evidence synthesis expert and AL, an expert systematic reviewer and advisor on evidence synthesis, will provide expertise in qualitative data synthesis and analysis. RA and the members of the expert panel will contact relevant organizations identified for further grey literature or unpublished reports. The panel members will review and advise on the final content of the review report, as well as assist in dissemination of the findings. All members of the expert panel are specialists in nutrition in emergency management. 
